ABSTRACT Sweetpotato whiteßy, Bemisia tabaci (Gennadius), and whiteßy-transmitted tomato yellow leaf curl virus (TYLCV) are major threats to tomato production in the southeastern United States. TYLCV was introduced to Florida from the Caribbean islands and has spread to other southern states of the United States. In Georgia, in recent years, the incidence of TYLCV has been steadily increasing. Studies were conducted to monitor population dynamics of whiteßies in the vegetable production belt of Georgia, to evaluate TYLCV-resistant genotypes against whiteßies and TYLCV, and to assess the potential role of resistant genotypes in TYLCV epidemiology. Monitoring studies indicated that the peak incidence of whiteßies varied seasonally from year to year. In general, whiteßy populations were not uniformly distributed. Tomato genotypes exhibited minor differences in their ability to support whiteßy populations. TYLCV symptoms were visually undetectable in all but one resistant genotype. The infection rates (visually) in susceptible genotypes ranged from 40 to 87%. Greenhouse inoculations with viruliferous whiteßies followed by polymerase chain reaction (PCR) indicated that up to 100% of plants of resistant genotypes were infected, although predominantly symptomless. TYLCV acquisition by whiteßies from TYLCV-infected genotypes was tested by PCR; TYLCV acquisition rates from resistant genotypes were less than from susceptible genotypes. Nevertheless, this difference did not inßuence TYLCV transmission rates from resistant to susceptible genotypes. Results emphasize that resistant genotypes can serve as TYLCV and whiteßy reservoirs and potentially inßuence TYLCV epidemics.
Biotype B of the sweetpotato whiteßy, Bemisia tabaci (Gennadius), is a major threat to tomato (Solanum esculentum L.) production in the southeastern United States and in other tropical, subtropical, and temperate regions worldwide (Bird and Maramorosch 1978 , Duffus 1986 , Brown et al. 1995 , Picó et al. 1996 , Henneberry and Castle 2001 . In addition to feeding-related injuries (Schuster et al. 1996) , whiteßies also can transmit phloem-limited tomato yellow leaf curl virus (TYLCV) (family Geminiviridae, genus Begomovirus) to tomato plants in a persistent-circulative manner (Cohen and Harpaz 1964 , Cohen and Nitzany 1996 , Czosnek et al. 2001 , Czosnek 2008 . The incidence of TYLCV is positively correlated to whiteßy population densities (Cohen and Antignus 1994) . Nevertheless, a single whiteßy can transmit the virus to tomato plants (Czosnek 2008) . The minimal acquisition access period (AAP) and inoculation access period (IAP) are each Ϸ15 min Harpaz 1964, Atzmon et al. 1998 ). The latent period ranges from 8 to 10 h (Cohen and Nitzany 1966) . The ability of whiteßies to transmit TYLCV decreases with age and female whiteßies can transmit more efÞciently than males (Czosnek 2008) . Unusually, some isolates of this virus also are transmitted among whiteßies through mating (Ghanim and Czosnek 2000) .
Tomato plants are extremely susceptible to TYLCV. Infected plants often are severely stunted, exhibit leaf curling and yellowing, and produce no fruits leading to 100% yield loss (Picó et al. 1996 , Moriones and Navas-Castillo 2000 , Varma and Malathi 2003 . Typically, symptoms in infected tomato plants develop 2 to 3 wk postinoculation. Infections soon after transplanting can lead to severe stunting and lack of fruit formation, infections at later stages can lead to suppression of vegetative growth and fruit set (Cohen and Nitzany 1966 , Polston and Anderson 1997 , Moriones and Navas-Castillo 2000 .
TYLCV was Þrst identiÞed in Israel in the late 1950s. Since then the virus has been documented throughout the world (Czosnek and Laterrot 1997 , Czosnek et al. 2001 , Varma and Malathi 2003 , Czosnek 2008 . In the United States, it was Þrst introduced to Florida (Pol-ston et al. 1994 (Pol-ston et al. , 1999 likely from the Caribbean islands and has spread to other southern states (Momol et al. 1999 , Ingram and Henn 2001 , Polston 2002 , Ling et al. 2006 , Akad et al. 2007 ). In Georgia, TYLCV was Þrst documented in three southern counties (Grady, Tift, and Colquitt) in 1999 (Momol et al. 1999 , Pappu et al. 2001 . TYLCV has since become a consistent fall season problem. Ten to 15% of plants displaying TYLCV symptoms were found in some tomato Þelds in 2007 Þelds in and 2008 Þelds in . In 2009 , numerous tomato Þelds in Macon County were severely affected by TYLCV (up to 70% of plants with TYLCV symptoms). In 2010, several tomato Þelds in Tift County also were severely affected by TYLCV (up to 100% of plants with TYLCV symptoms) (R.S., unpublished data). Tomato is grown in Georgia in spring and fall seasons, but not much is known about the seasonal ßuctuations of and factors that inßuence whiteßy populations.
Insecticides and TYLCV-resistant genotypes are the two most important management options available for tomato growers (Schuster et al. 1996 (Schuster et al. , 2010 Polston 2002) . Insecticide applications are routinely used to manage whiteßy populations and reduce TYLCV incidence with limited success. Neonicotinoids in particular are extensively used to manage whiteßies and TYLCV in the southeastern United States. Typically, these insecticides are applied in the transplant greenhouse a few days before shipping and at transplanting. Foliar applications of neonicotinoids also are made (Schuster et al. 2010) . Whiteßies are known for their ability to detoxify insecticide compounds and develop resistance to them rapidly (Horowitz et al. 2005) . Studies in Florida and Georgia already have documented resistance to neonicotinoids, such as imidacloprid and thiamethoxam Spurgeon 2008, Schuster et al. 2010) .
Through breeding with numerous wild parents, such as Solanum peruvianum L., Solanum chilense (Dunal) Reiche, and Solanum habrochaites Knapp and Spooner, a number of TYLCV resistant genotypes have been developed (Lapidot and Friedmann 2002) . Several commercially available resistant tomato genotypes such as ÔShanty,Õ ÔSecurity,Õ ÔTygress,Õ and ÔInbarÕ are planted in the southeastern United States. The resistance imparted is mediated by a single semidominant gene (Ty-1) and is directed toward the virus. Most of these genotypes are not immune to virus infection, but exhibit good resistance to TYLCV (Lapidot et al. 2001, Lapidot and Friedmann 2002) . Despite the availability of resistant genotypes, only a small portion of the tomato acreage is planted currently with resistant genotypes in the southeastern United States because they lack desirable horticultural attributes such as fruit size and good fruit ripening characteristics, and are not available for all fruit types (Ozores-Hampton et al. 2010 ). For instance, there are no TYLCV-resistant tomato genotypes available for the indeterminate grape type tomato. Though TYLCV-resistant tomato genotypes often do not exhibit typical TYLCV symptoms, they can be infected with TYLCV (Lapidot et al. 2001 ). In addition, TYLCV resistant genotypes can support substantial whiteßy populations. Thus, there is a potential for these resistant genotypes to serve as reservoirs for the vector and virus and likely inßuence TYLCV epidemics similar to a previous report on TYLCV-infected Capsicum sp. .
The objectives of this study were: 1) to monitor the population dynamics of whiteßies in a 97-km transect comprising Þve important counties in the vegetable production belt of south Georgia for two tomato growing seasons (April through October) of 2009 and 2010, 2) to evaluate commercially available TYLCV-resistant genotypes for whiteßies and TYLCV incidence through Þeld trials in 2009 and 2010 fall seasons, 3) to examine the susceptibility of resistant genotypes to TYLCV through whiteßy-mediated transmission experiments in the greenhouse, and 4) to assess the ability of resistant genotypes to serve as TYLCV inoculum sources through whiteßy-mediated acquisition and transmission experiments in the greenhouse.
Materials and Methods
Whitefly Population Dynamics. Whiteßy (B. tabaci) populations were monitored weekly from 15 April to 28 October in 2009 and from 7 April to 28 October in 2010. Yellow sticky traps of 7.5 ϫ 12.5 cm (Great Lakes IPM, Vestaburg, MI) were mounted back to back on 30 cm wooden garden stakes and placed in the soil at 30 locations between Tifton and Cairo, GA. Locations were 3.2 km apart and adjacent to GA 319 and GA 122 highways. The sampling area included Þve major vegetable producing counties [Tift (4), Colquitt (15), Thomas (2), Grady (7), and Mitchell (2), the number of sticky cards in each county is indicated in parentheses]. Sticky cards were left on-site for 24 h and then taken to the vector biology laboratory at the Tifton Campus, University of Georgia, where the number of whiteßies on each card was counted at 10ϫ magniÞcation using a dissection microscope (Leica Microsystems, Buffalo Grove, IL). There were only two traps placed in Mitchell and Thomas counties, respectively. Both counties were adjacently located and data from all four traps were combined.
Field [Inbar (Hazera) ] was added in 2010 for a total of seven genotypes. In both years, seedlings (ϳ1-mo-old) were transplanted into 152.4 m long raised beds covered with white plastic and fumigated with methyl bromide at 224 kg/ha (98:2, Hendrix and Dail, Tifton, GA). In 2009, plots were 6.1 m long and included 13 plants with 45 cm spacing between plants, whereas in 2010, plots were 9.1 m long and included 15 plants with 60 cm spacing between plants. All other cultural practices were followed as per the local tomato production standards. Treatments (genotypes) were replicated four times using a randomized complete block design. Plants were sampled weekly from 14 September to 13 October in 2009 and from 25 August to 7 October in 2010. Adult whiteßies on one leaf located in the middle of the plant on Þve plants in each plot were counted. In addition, one leaf was removed from each of the Þve sampled plants and taken to the laboratory where eggs and immature whiteßies were counted at 16ϫ magniÞcation using a dissection microscope. Immatures were divided into small nymphs (Þrst and second instar) and large nymphs (third and fourth instar). The percentage of plants exhibiting TYLCV symptoms such as severe stunting, leaf curling, and yellowing 1 to 2 wk before Þrst harvest in each plot was visually evaluated. At least 10 Ð20 leaf samples were collected from symptomatic susceptible genotypes each year and tested by polymerase chain reaction (PCR) to conÞrm TYLCV infection as described below.
Random count data of eggs, nymphs, and adults were analyzed using PROC GLMMIX in SAS (SAS Enterprise 4.2, Cary, NC) with suitable transformation at ␣ ϭ 0.05. Treatments were considered Þxed effects and blocks and replications were considered random effects. Treatment means were separated using the LS means option in SAS at ␣ ϭ 0.05. Proportions of plants displaying typical TYLCV symptoms in each treatment were analyzed by logistic regression using PROC GENMOD in SAS. Treatment means were separated using differences of LS means in SAS at ␣ ϭ 0.05.
Greenhouse Experiments. Whitefly Rearing. Nonviruliferous whiteßies (B. tabaci biotype B) were reared on 15Ð20 cm tall cotton plants grown in 10 cm diameter ϫ 8 cm tall pots (Hummert International, Earth City, MO) in a commercial potting mix (Sunshine LP5 Plug Mix, Sun Gro Horticulture Industries, Bellevue, WA), and maintained at 25Ð30ЊC with a 14 h photoperiod in a rearing room in 47.5 cm 3 whiteßy-proof cages (Megaview Science Co., Taichung, Taiwan). Viruliferous whiteßies were obtained by caging nonviruliferous whiteßies on TYLCV-infected tomato plants using clip cages (2.5 cm diameter ϫ 1.5 cm tall) for 72 h.
Maintenance of TYLCV in Tomato. TYLCV-infected tomato plants collected from a commercial farm in Montezuma, Macon County, GA, in the summer of 2009 served as the initial inoculum source. TYLCV has been subsequently maintained on susceptible tomato genotype FL-47 in the same whiteßy-proof cages and conditions. Ten to 15 cm tall FL-47 seedlings were infested with viruliferous whiteßies in whiteßy-proof cages. TYLCV infection was visually evaluated and conÞrmed by PCR 3 to 4 wk postinoculation. Noninfected plants were added to maintain TYLCV infection when necessary.
Susceptibility of Various Tomato Genotypes to TYLCV. Two TYLCV susceptible (Amelia and Florida 47) and four TYLCV-resistant (Inbar, Shanty, Security, Tygress, and 8845) genotypes were used for this experiment. Each genotype constituted a treatment and 10 plants (Ϸ10 Ð15 cm tall, 30-d-old) were selected for each treatment. Twenty viruliferous whiteßies were conÞned to a single leaf of each plant in clip cages for 72 h. Clip cages and adult whiteßies were removed and the plants were placed in 47.5 cm 3 whiteßy-proof cages for 3 to 4 wk. This experiment was conducted twice. At 3 to 4 wk postinoculation, each plant was visually evaluated for typical TYLCV symptoms. Total DNA was extracted from Þve plants (from symptomatic plants when available) from each treatment for each replicate of the experiment (10 plants in total for each treatment).
One hundred milligrams of fresh leaf tissue from newly emerged leaves on the upper portion of the plants was used for DNA extraction. DNA was extracted using a DNeasy Mini Plant Kit (Qiagen Inc. USA, Valencia, CA) according to manufacturerÕs instructions. Degenerate primer pair PAL1v1978 and PAR1c496 (Rojas et al. 1993 ) was used to partially amplify the capsid protein gene using an Eppendorf Mastercycler Pro (Eppendorf, Hauppauge, NY). The reaction volume was 10 l, and consisted 2 l of template DNA, 0.5 l of 10 M PAL1v1978 and PAR1c496 each, 5 l of using GoTaq Green Mastermix 400 M dNTP, 3 mM MgCl 2 , and GoTaq DNA Polymerase (Promega, Madison, WI). The Þnal volume was attained by the addition of nuclease free water. AmpliÞcation conditions were: 2 min at 95ЊC and 33 cycles at 94ЊC for 1 min, 55ЊC for 2 min, and 72ЊC for 2 min, followed by a Þnal extension step at 72ЊC for 10 min. Electrophoresis of the amplicons was conducted on a 1% agarose gel in 0.5ϫ TAE buffer and visualized with ethidium bromide (0.5 g/ml) under ultraviolet light.
Each plant was considered a treatment replicate. The infection status of each plant was evaluated assuming a binomial response (TYLCV-infected vs. noninfected) using PROC GENMOD in SAS with a logit link at ␣ ϭ 0.05. Treatments were considered Þxed effects and replications were considered random effects. Treatment means were separated using differences of LS means in SAS at ␣ ϭ 0.05.
Acquisition of TYLCV by Adult Whiteflies From TYLCV-Resistant and Susceptible Genotypes.
The same TYLCV-resistant and susceptible tomato genotypes used in the previous experiment were used for this experiment. Only PCR-positive TYLCV-infected plants were used for whiteßy TYLCV acquisition purposes. Nonviruliferous whiteßy adults (predominantly females) were clip caged on fully emerged leaves at the upper portion of the infected plant. Five whiteßies were introduced into each clip cage and up to four clip cages were used for each plant. In total, 10 clip cages were used for each treatment. Whiteßies were provided with an AAP of 72 h. The experiment was replicated once more (20 leaf cages in total for all replicates of a treatment). Total DNA was extracted from whiteßy samples (Þve whiteßies in each clip cage was considered a sample). DNA was extracted using Instagene Matrix, a specially formulated Chelex resin (Bio-Rad laboratories, Hercules, CA) following manufacturerÕs instructions. Extracted DNA was directly used for PCR as described above.
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Each whiteßy sample was considered a replicate of a treatment. The infection status of each sample was evaluated assuming a binomial response (TYLCV-infected vs. noninfected) by using PROC GENMOD in SAS as described previously.
Transmission of TYLCV From Resistant and Susceptible Genotypes to Susceptible Genotype. TYLCV-infected 8845, Amelia, Inbar, Security, Shanty, and Tygress served as source plants and FL-47 plants served as recipients. Source plants were Ϸ60-d-old and recipient plants were 10 Ð15 cm tall and were Ϸ30-d-old. Twenty whiteßies (predominantly females) that had fed on TYLCV-infected tomato genotypes were transferred to a noninfected FL-47 plant in a clip-cage for 72 h. Whiteßies and clip cages were removed and plants were maintained in whiteßy proof cages. Ten plants were used for each treatment. Each treatment was enclosed in a single cage. The experiment was replicated once more (20 plants in total for all replicates of a treatment). At 3 to 4 wk postinoculation, each plant was visually evaluated for typical TYLCV symptoms. PCR was used to conÞrm TYLCV infection of a few symptomatic plants.
Each plant was considered a replicate of a treatment. The infection status of each plant was evaluated assuming a binomial response (TYLCV-infected vs. noninfected). Statistical analysis was conducted as described previously.
Results
Whitefly Population Dynamics. In all counties, a similar trend in trap catches was observed (Fig. 1) . In 2009, a sudden increase in numbers of whiteßies was observed during the spring season (during late April and early May sampling dates). For the remainder of spring and summer sampling dates, very few whiteßies were trapped. The number of whiteßies trapped per card increased during the months of August and September. Peak incidence of trapped whiteßies occurred during sampling week 22 (8 September) in all four counties. Thereafter, the number of whiteßies trapped declined throughout the sampling route. In 2010, the trend was not the same, the peak incidence of trapped whiteßies occurred in the spring season. A peak in early May (5 May) was observed in all the sampled counties. Another early peak was observed during sampling week 3 (21 April) in Tift County traps. In contrast to trap catches in 2009, yellow sticky traps had fewer whiteßies (total number) in 2010. In 2009, the number of whiteßies trapped steadily increased from sampling week 16 through sampling week 22, whereas in 2010, no such steady increases were observed and whiteßy peaks appeared suddenly. Nevertheless, in both years the numbers of whiteßies trapped in yellow sticky traps varied drastically among traps placed within the same county as well as among counties (0 Ð1,050 adults per trap) on the same sampling date. 
Field Evaluation of TYLCV-Resistant and Susceptible Tomato Genotypes.
All whiteßy life stages were observed on all TYLCV-resistant and susceptible genotypes in both years, indicating that all genotypes can support whiteßy populations. In 2009, differences in populations of whiteßy life stages were observed among genotypes. Egg counts (df ϭ 5, 594; F ϭ 12.31; P ϭ Ͻ 0.0001) and small nymph counts (df ϭ 5, 594; F ϭ 3.98; P ϭ 0.0015) differed among genotypes (Fig.  2a) . Fewer large nymphs were found on 8845 than on Amelia and no differences were observed between Amelia and other genotypes (df ϭ 5, 594; F ϭ 3.27; P ϭ 0.0064). No differences in adult counts were noticed among genotypes. In 2010, fewer whiteßy eggs, nymphs, and adults were found than in 2009. Counts of whiteßy eggs, large nymphs, and adults did not vary with genotypes. However, a greater number of small nymphs were found on FL-47 when compared with other genotypes (Fig. 2b) .
Percentage of plants displaying TYLCV symptoms varied with genotypes planted in both years. Susceptibility of Various Tomato Genotypes to TYLCV. Visual screening indicated differences among genotypes. Visual observations indicated TYLCV infection rates in tomato genotypes did not vary by the replicates of the experiment, hence data from both replicates were combined for analysis (df ϭ 1, 5; 2 ϭ 2.12; P ϭ 0.1449). TYLCV infection rates varied with genotypes (df ϭ 1, 5; 2 ϭ 111.84; P ϭ Ͻ 0.0001). TYLCV symptoms were observed on four genotypes (Amelia, FL-47, Security, and 8845). Differences of LS means indicated that infection rates in Amelia and FL-47 were not different from each other (Fig. 3a) . However, the infection rates in Amelia and FL-47 were greater than all the other genotypes. In addition, the infection rate in 8845 was greater than the infection rates in all other TYLCV-resistant genotypes (Fig. 3a) .
PCR testing indicated that all the TYLCV-resistant genotypes were infected with TYLCV (Fig. 3b) . The infection rates (evaluated by PCR) among genotypes did not vary with the replicates of the experiment, hence data from both replicates were combined for analysis (df ϭ 1, 6; 2 ϭ 1.63; P ϭ 0.2015). In contrast to visual rating, TYLCV incidence determined by PCR did not differ among tomato genotypes (df ϭ 1, 6; 2 ϭ 8.82; P ϭ 0.1838) (Fig. 3c ). In the case of susceptible genotypes, there was a very high degree of agreement between visual rating (TYLCV infection) and PCR-based rating; visual symptoms often were not found on resistant genotypes.
Acquisition of TYLCV by Whiteflies From TYLCVResistant and Susceptible Genotypes. PCR testing indicated that whiteßies were able to acquire TYLCV from all genotypes except Inbar (Fig. 4a) . Acquisition rates in two replicates of the experiment did not vary from each other, hence data from both replicates were combined for analysis (df ϭ 1, 6; 2 ϭ 0.00; P ϭ 1.0000). The acquisition rates varied with genotypes (df ϭ 6, 134; 2 ϭ 86.04; P ϭ Ͻ0.0001). The acquisition rates were greater in whiteßies that had acquisition access on susceptible genotypes than on resistant genotypes (Fig. 4b) . The acquisition rates from susceptible genotypes ranged from 70 Ϯ 10.0% to 100%. In the case of resistant genotypes, the acquisition rates ranged from 0% to 35 Ϯ 5.0%.
Transmission of TYLCV From Resistant Genotypes and Amelia to a Susceptible Genotype. Whiteßies transmitted TYLCV from infected Amelia and all infected resistant genotypes to FL-47. Percentage of plants displaying TYLCV symptoms in two replicates of the experiment did not vary from each other, hence data from both replicates were combined for analysis (df ϭ 1, 6; 2 ϭ 14.99; P ϭ 0.0913). Percentages of FL-47 plants exhibiting TYLCV symptoms ranged from 55 Ϯ 5.0 to 85 Ϯ 5.0% (Fig. 5 ), but the differences were not signiÞcant (df ϭ 5, 114; 2 ϭ 8.41; P ϭ 0.1350). Whiteßies were able to transmit TYLCV from resistant genotypes to a susceptible genotype efÞciently. These results indicate that the resistant genotypes can serve as TYLCV reservoirs.
Discussion
Trap catches in 2009 and 2010 indicated that whiteßy populations can vary from year to year and peak incidence may occur either in spring or fall in South Georgia. In addition, there was a high degree of variation in the numbers of adults trapped within the same county and between traps placed just 3.2 km apart. In general, whiteßy populations can be inßuenced by various abiotic and biotic factors in and around the cropping area rather than long-range movement (Henneberry and Castle 2001) . In our study, alternate hosts near the traps and other agricultural operations such as harvesting of whiteßy-infested curcurbitaceous crops could have effected whiteßy population densities and dispersal. Before this study, it was commonly presumed that the whiteßy populations always peaked during the fall season in Georgia. Our study revealed that the peak incidence of whiteßy populations could ßuctuate. It is not clear which factors inßuenced this ßuctuation. The winter and spring seasons of 2009 and 2010, respectively, were unusually cold and may have had an effect on overwintering whiteßy populations. Nonetheless, this does not explain peak whiteßy incidence in May 2010. We believe that unusual weather patterns in 2010 could have led to a whiteßy dispersal into Georgia in May possibly from the south, however, whiteßy populations failed to establish in the sampled area in Georgia.
TYLCV resistance in tomato genotypes is mediated by a single semidominant gene (Ty-1) introgressed from wild solanaceous parents (Lapidot and Friedmann 2002) . These genotypes are not known to impart whiteßy resistance. However, Þeld evaluations in 2009 indicated that greater numbers of whiteßy eggs and nymphs were found on some genotypes than on others. Nevertheless, the differences were inconsistent and minor. In 2010, differences in population densities of whiteßies and immatures among genotypes were not obvious. Despite the strong correlation between whiteßy population densities and TYLCV incidence Antignus 1994, Czosnek 2002) , greater proportions of plants of susceptible genotypes exhibited TYLCV symptoms in 2010 than in 2009. This indicated that other factors such as availability of inoculum sources also could play an important role in TYLCV epidemics (Polston et al. 2002, Varma and Malathi 2003) . In 2010, there were a number of tomato Þelds located in close proximity (l0 Ð200 m) to our tomato Þelds and were planted with TYLCV susceptible genotypes such as Marglobe and FL-47. Many plants in those plots exhibited typical TYLCV symptoms. This could have contributed to the increased TYLCV incidence in 2010 in our trials. In addition, a number of leaf samples were collected randomly from various resistant and susceptible genotypes and tested by PCR. Results afÞrmed that resistant genotypes also were infected by TYLCV, but did not exhibit typical TYLCV symptoms. In 2010, several 8845 plants also exhibited typical TYLCV symptoms. This indicated some resistant genotypes might express typical TYLCV symptoms under high pathogen pressure. Resistant genotypes have been documented previously to exhibit mild symptoms such as very slight yellowing of leaßet margins on apical leaf or some yellowing and curling of leaßet ends (Lapidot et al. 2001, Lapidot and Friedmann 2002) . In our Þeld studies, such mild symptoms were not observed, plants that exhibited typical TYLCV symptoms such as pronounced leaf yellowing, curling, cupping of leaves, reduction in leaf size, and stunting alone were identiÞed to be infected with TYLCV.
Greenhouse studies with different genotypes reiterated that TYLCV symptoms were prominent on susceptible genotypes Amelia and FL-47, but were less prominent on resistant genotypes. However, PCR testing indicated that all the genotypes were infected with TYLCV. These results corroborate the Þndings in an earlier study where TYLCV DNA was detected in resistant genotypes, but the plants exhibited mild symptoms (Lapidot et al. 2001) . In contrast, in our study it was not possible to discern mild symptoms on TYLCV-infected resistant genotypes when compared with noninoculated susceptible genotype plants. In our greenhouse whiteßy-mediated transmission study, clip cages with whiteßies were removed following an IAP. However, the inoculated plants were not sprayed with insecticides to mimic Þeld situations. It is possible that second-generation adults could have emerged and interplant movement may have inßuenced TYLCV transmission rates. Nonetheless, such movements could not have obscured the treatment (genotype) effect as only one treatment was enclosed in a whiteßy-proof cage. In general, whiteßies acquired TYLCV from both susceptible and resistant genotypes. TYLCV acquisition rates in whiteßy samples typically were lower following an AAP on resistant genotypes than on susceptible genotypes. This could have been because of lower virus titer in resistant plants when compared with susceptible plants. Lapidot et al. (2001) demonstrated that TYLCV DNA accumulation was up to nine times less in resistant genotypes when compared with susceptible genotypes. They also found a high degree of correlation between the amount of viral DNA in plants and in whiteßies.
Transmission experiments from resistant genotypes to a susceptible genotype in this study indicated that whiteßies were able to transmit TYLCV from all resistant genotypes including Inbar to FL-47 at the same efÞciency. Despite the differences in TYLCV acquisition rates from TYLCV-resistant genotypes, whiteßies were able to transmit TYLCV efÞciently from resistant genotypes to a susceptible genotype. The differences between acquisition and transmission rates could be attributed to the fact that whiteßies in batches of Þve were tested by PCR, but at least 20 whiteßies were used to inoculate a single plant. The sensitivity of PCR protocol used in this study could have also affected the outcome. These (transmission) results are in contrast to the results obtained by Lapidot et al. 2001 . Their study indicated that TYLCV was transmitted at a lower rate when resistant genotypes were used as inoculum sources than susceptible genotypes. Our results emphasize that heavy inoculum and vector pressure in combination with a susceptible plant stage may result in efÞcient transmission of TYLCV from resistant to susceptible genotypes. Lapidot et al. (2001) argued that tomato plants expressing a high level of resistance posed a low risk to the surrounding plants. Our results seem to indicate that this may not be the case under favorable conditions for TYLCV epidemics in Georgia. Similar results were obtained in studies with pepper. Even though pepper was suspected to have reduced TYLCV titer when compared with tomato, whiteßies were able to transmit TYLCV from pepper to tomato at very high efÞ-ciencies (up to 100%) in one study , although not in a second study (Morilla et al. 2005) .
In the southeastern United States, it is not uncommon to Þnd both resistant and susceptible tomato genotypes planted in proximity (Polston 2002 (Polston , 2003 . Resistant genotypes can be infected with TYLCV without displaying any symptoms. In addition, TYLCV resistant genotypes can serve as whiteßy reservoirs. Resistant genotypes, despite TYLCV infection, do not usually exhibit severe foliar symptoms, and can serve as more suitable hosts for whiteßies than TYLCV infected susceptible genotypes. TYLCV infection in susceptible genotypes may lead to expression of severe symptoms, which in turn may render the plants unsuitable for whiteßies. This suggests that they can serve as whiteßy reservoirs and TYLCV inoculum sources for a longer period when compared with TYLCV susceptible genotypes. The survival of whiteßies on TYLCV infected susceptible genotypes at 35 d postinoculation was lower than on resistant genotypes (Lapidot et al. 2001) . Given the circumstances, it is unlikely that TYLCV-resistant genotypes could significantly contribute to TYLCV reduction in susceptible genotypes, but may actually aid in TYLCV spread. Whiteßies and TYLCV infection are fairly common in commercial tomato transplant production facilities. Transplants also are constantly being shipped across states. Infected transplants may be a means of TYLCV introduction into areas where it is absent. To successfully manage TYLCV, tactics such as spatial separation of TYLCV resistant and susceptible genotypes, and insecticide applications coinciding with peak whiteßy incidence may be necessary.
